Context. Several hundred candidate hybrid pulsators of type A-F have been identified from space-based observations. Their large number allows both statistical analyses and detailed investigations of individual stars. This offers the opportunity to study the full interior of the genuine hybrids, in which both low-radial-order p-and high-order g-modes are self-excited at the same time. However, a few other physical processes can also be responsible for the observed hybrid nature, related to binarity or to surface inhomogeneities. The finding that most δ Scuti stars also show long-period light variations represents a real challenge for theory. Aims. We aim at determining the pulsation frequencies of KIC 9533489, to search for regular patterns and spacings among them, and to investigate the stability of the frequencies and the amplitudes. An additional goal is to study the serendipitously detected transit events: is KIC 9533489 the host star? What are the limitations on the physical parameters of the involved bodies? Methods. Fourier analysis of all the available Kepler light curves. Investigation of the frequency and period spacings. Determination of the stellar physical parameters from spectroscopic observations. Modelling of the transit events. • . The transit analysis disclosed that the transit events which occur with a ≈ 197 d period may be caused by a 1.6 R Jup body orbiting a fainter star, which would be spatially coincident with KIC 9533489.
Introduction
Recently, ultra-precise photometric data from three space missions revolutionized the field of variable star studies: the Canadian MOST satellite (Walker et al. 2003) , the French-led CoRoT mission (Auvergne et al. 2009 ) and the NASA mission Kepler (Koch et al. 2010) . The almost continuous, high-precision single-band light curves allow the detection of many pulsation frequencies with amplitudes down to the micromagnitude level. All these missions provide an enormous amount of extremely high-quality data for analysis, enabling state-of-the-art asteroseismic studies for many years to come. On the other hand, we still need complementary ground-based data for an unambiguous interpretation of the light variations observed by space telescopes, e.g., to determine the physical parameters and modal content of the pulsators, or to identify the (mostly non-eclipsing) binary/multiple systems.
A large fraction of intermediate-mass (1.2-2.5 M ⊙ ) A and F spectral type stars shows pulsations in the intersecting region of the main sequence and the classical instability strip in the Hertzsprung-Russell diagram (HRD). Among others, we find here δ Scuti (δ Sct) variables, pulsating in low-radial-order pand mixed p-g-modes with periods in the 0.01 − 0.3 d range, and γ Doradus (γ Dor) pulsators with high-order g-modes in the 0.3 − 3 d period range. The δ Sct pulsations are excited by the κ mechanism operating in the HeII partial ionization zone (see e.g. the review by Breger 2000) , while the γ Dor pulsations are driven by the convective blocking mechanism operating at the base of the convection zone (Guzik et al. 2000) . The instability regions of these two mechanisms overlap in the HRD, and hybrid δ Sct -γ Dor pulsators were first predicted (Dupret et al. 2004) , subsequently confirmed (Henry & Fekel 2005) . We refer to these as hybrids hereafter. The simultaneously excited p-and g-modes provide information respectively on the envelope and the near core region of the star. Therefore, such targets are very important targets for asteroseismic investigations. However, it is difficult to find these hybrids with ground-based observations because the γ Dor pulsations have usually low amplitudes, and their typical frequencies, close to 1-2 d −1 , are strongly affected by the A&A proofs: manuscript no. kic9533489_AandA_v3
daily aliasing, as well as by atmospheric effects and instrumental drifts. Thanks to the recent space-based observations, we now have hundreds of stars classified as A-F-type hybrid candidates (see e.g. Uytterhoeven et al. 2011; Hareter 2012) . This allows both statistical analyses and detailed investigations of individual stars. The most striking result of the preliminary analyses of the hybrid candidates is that they are not confined to the theoretically predicted intersecting region of the two pulsation types. Instead, they occur everywhere in the δ Sct domain (Grigahcène et al. 2010; Uytterhoeven et al. 2011) , and it seems that practically all δ Sct stars show low-frequency light variations (Balona 2014 ). In the case of the hotter δ Sct pulsators (T eff > 7500 K), the presumed existence of hybrid pulsations challenges the theory of stellar pulsations, because we do not expect that the convective blocking mechanism can operate in the thin convective upper layer (Balona 2014) . Furthermore, most of the candidates show frequencies between about 5 and 10 d −1 , even though this region has formerly been considered as a 'frequency gap', at least for low spherical degree (l = 0 − 3) modes (see Fig. 2 of Grigahcène et al. 2010 ). This observational finding could be explained by the combined effects of frequency shifts of highorder g-modes caused by the Coriolis force, detection of highspherical-degree modes, and rotational splitting (Bouabid et al. 2013) .
What mechanisms are responsible for the simultaneous occurrence of low-and high-frequency variations revealed in so many A-F-type stars? Different possible scenarios have to be considered:
1. Genuine δ Sct-γ Dor hybrids: both δ Sct and γ Dor-type pulsations are self-excited in these objects. About a dozen such confirmed objects have been investigated in detail, but there must be many more genuine hybrids among the known candidates. 2. Eclipsing or ellipsoidal binaries: the object might be a δ Sct pulsator in an eclipsing or ellipsoidal binary system. The long periodicity in the light variations corresponds to the orbital period or half of it, depending on the case. The physical parameters of the binary components can be derived independently from any theoretical (asteroseismic) assumption. These parameters can be used as constraints for subsequent asteroseismic investigations. 3. Tidal excitation: a δ Sct star in a close, eccentric binary, where the external tidal forces excite g-mode pulsations (Willems & Aerts 2002) . HD 209295 is an example (Handler et al. 2002) . 4. Stellar rotation coupled with surface inhomogeneities: these can also cause detectable signals in the low-frequency region. Low temperature spots may be an obvious explanation, but mechanisms generating such features are not expected to operate in normal (non-Ap, non-Am) A-type stars, since their convective layers are thin and thus likely have weak magnetic fields. Nevertheless, statistical investigation of Kepler A-type stars (Balona 2011) shows that the lowfrequency variability could be caused by rotational modulation in connection with starspots or other corotating structures. Low temperature spots cause characteristic light-curve variations. One low-frequency signal and several of its harmonics are expected in the Fourier spectrum. However, finite starspot lifetimes and/or differential rotation combined with spot migration result in a number of significant peaks around the rotational frequency on longer time scales.
However, in the case of KIC 5988140, none of the above mentioned simple scenarios could explain the observations in a fully satisfactory way (Lampens et al. 2013) . Indeed, in this case, the scenario of binarity has been discarded on the basis of the double-wave pattern of the radial velocity curve mimicking the pattern of the light curve (after prewhitening of the higher frequencies). The other two remaining scenarios explaining the low frequencies in terms of g-mode pulsation or rotational modulation are also problematic since the predicted light-to-velocity amplitude ratio based on two simple spotted surface models is 40 times larger than observed.
KIC 9533489 is another Kepler hybrid candidate investigated by Uytterhoeven et al. (2011) , and which turns out as an exotic case: in addition to its confirmed hybrid character, we also detected a few transit events in the Kepler light curve. In the following sections, we present the results of the frequency analyses and derived (physical and pulsational) properties of this object, as well as a possible model for the transit events detected in the light curve. , while the SC observations provide a brightness measurement every 58.85 seconds (Gilliland et al. 2010) . We used the 'raw' flux data of KIC 9533489 available from the Kepler Asteroseismic Science Operations Center (KASOC) database. We analysed the LC data of 17 quarters of Kepler observations (Q1-Q17, 13th May 2009 -11th May 2013) and the SC data of 3 quarters (Q1, Q5.1-3, Q6.1-3, 13th May 2009 -22nd September 2010). The contamination level of the measurements is estimated to be only 1.6 per cent.
The Kepler data
The strong long-term instrumental trends present in the light curves were removed before analysis. First, we divided the time strings into segments. These segments contain gaps no longer than 0.1-0.5 d. Then, we separately fitted and subtracted cubic splines from each segment. We used one knot point for every 1000 (SC data) or 100-200 points (LC data) to define the splines. We omitted the obvious outliers and the data points affected by the transit events. The resulting SC and LC light curves consist of 307 950 and 62 418 data points, spanning 498 (with a large gap) and 1450 days, respectively.
Spectroscopy
For an unambiguous interpretation of the results of the lightcurve analysis, the atmospheric stellar parameters, i.e. the effective temperature (T eff ), surface gravity (log g) and projected rotational velocity (v sin i), must be known. Therefore, we observed KIC 9533489 in the 2013 and 2014 observing seasons with the High Efficiency and Resolution Mercator Echelle Spectrograph (hermes, Raskin et al. 2011) attached to the 1.2-m Mercator Telescope, with the FIbre-fed Echelle Spectrograph (fies) at the 2.5-m Nordic Optical Telescope (NOT), and also with the integral instrument (Arribas et al. 1998) using the 4.2-m William Herschel Telescope (WHT). All instruments are located at the Roque de los Muchachos Observatory (ORM, La Palma, Spain). We also acquired data with the High Resolution Echelle Spectrometer (hires, Vogt et al. 1994) attached to the 10-m Keck I telescope (W. M. Keck Observatory, Hawaii, U.S.). Table 1 shows the journal of the spectroscopic observations. Notes. S/N is the signal-to-noise ratio per sample of the mean spectrum computed in the λ = 496 − 564 nm wavelength range (hermes, fies and hires spectra), or at λ ∼ 570 nm (integral spectrum), and by adopting a procedure described in Stoehr et al. (2007) . The hires spectrum has gaps in the 477-498 and 628-655 nm domains.
We obtained the reduced spectra from the dedicated pipelines of the hermes, fies and hires instruments, while the single-order WHT spectrum centered on Hα was reduced using iraf 1 routines. All spectra were corrected for barycentric motion, then combined into a single averaged spectrum per instrument.
Though the signal-to-noise ratio (S/N) of the averaged hermes spectrum is low (S/N = 20 per wavelength bin at λ ∼ 500 nm), calculating a cross-correlation function with an F0-star synthetic spectrum, excluding regions of Balmer and telluric lines, we were able to derive the radial velocity (RV) for that epoch. We performed the same procedure on the fies and hires spectra, too. We found that the RV measurements are consistent with each other within the errors, pointing to a value of 6.5 ± 1.5 km s −1 . That is, the star showed no sign of RV change over a period of ∼ 330 days, and therefore cannot be considered as a multiple system.
Because it has a sufficiently high S/N and that it covers a wide wavelength domain that contains all the majour Balmer lines, we started to derive the star's astrophysical parameters on the fies averaged spectrum. We estimated v sin i by adopting the Fourier transform (FT) approach (for an overview, see Gray 1992; Royer 2005 , and references therein). To increase the S/N and to limit the impact of blends, the FT was performed on an average line profile obtained through cross-correlation of the spectrum with an F0 mask from which we excluded the strongest lines. The result shows that the star is probably a moderate rotator (see Table 3 ).
We estimated T eff by fitting the Hα, Hβ, Hγ, and Hδ line profiles of the fies spectrum. The continuum normalisation of the spectrum was realised in three steps. A first normalisation was done with the iraf/continuum task to perform a very preliminary determination of T eff and log g in the 400-450 nm range (metallicity was kept Solar and microturbulence was fixed to 2 km s −1 ). The fit was realised by using the girfit program based on the minuit minimization package and by interpolating in a grid of synthetic spectra. These synthetic spectra and corresponding LTE model atmospheres were computed with the synspec (Hubeny & Lanz 1995 and references therein) , and with atlas9 (Castelli & Kurucz 2004 and references therein) computer codes, respectively. They were then convolved with the rotational profile and with a Gaussian instrument profile to account for the resolution of the spectrograph. The observations were then divided by the closest, not normalised, synthetic spectrum.
After being sigma clipped to remove most mismatch features, the resulting curve was divided into 2 to 4 smaller regions which were smoothened with polynomials of degrees 5 to 10. The observed spectrum was divided by the resulting function (see Fig. 1 of Frémat et al. (2007) for an illustration of the procedure) then normalised with the iraf/continuum task and a low order spline. Regions around Hα, Hβ, Hγ, and Hδ were then isolated and fitted separately. Because below 8000 K, hydrogen lines are only sensitive to effective temperature, all other parameters were kept fixed and we tried as much as possible to exclude from the fit most metal lines. Each time, 3 to 5 different starting points were chosen between 6000 and 8000 K, which resulted in a median value and an inter-quantile dispersion of 7350 ± 200 K. The same procedure was then applied on the other spectra, except that fewer hydrogen lines were available. We list the values we obtained in Table 2 , where the last column details the hydrogen lines that we considered. For the hermes and fies spectra the error bars were deduced from the scatter of our different determinations and trials, while for the integral and hires determinations we adopted the numerical value provided by the minuit package when it computes the covariance matrix. The final T eff value is obtained by combining these different estimated into a rounded mean which error is provided by the largest deviation (see Table 3 ).
Since our initial scope was not to perform a detailed chemical abundance analysis, we derived the metal content by scaling the abundance of all elements heavier than boron by the same factor which we call here after 'metallicity'. For this purpose we studied the region between 496 and 564 nm. To identify the features that are the most sensitive to surface gravity, we considered two synthetic spectra of same effective temperature (7200 K) and v sin i but having different extreme log g values (3.5 and 5.0). The difference between the two spectra exceeds the limits given by the S/N of the observed spectra only in the region around the Mg I triplet (515 to 520 nm). We then constructed a first regular grid of synthetic spectra for different values of the microturbulent velocity and metallicity. The χ 2 value between the observations and the spectra of each (v mic , metallicity) node was computed from 496 to 564 nm, excluding the 515-520 nm part. Finally, a Levenberg-Marquardt minimization algorithm was applied around the minimum and a covariance matrix was computed to estimate the error bars by interpolating in a second grid of spectra having smaller steps in metallicity and microturbulence. Log g was then derived by fixing the microturbulence and A&A proofs: manuscript no. kic9533489_AandA_v3 metallicity to the best values found in the previous step, and by applying the Levenberg-Marquardt algorithm to the region between 515-520 nm. Because, the final log g value did not have any significant impact on the agreement between synthetic spectrum and observations in the other considered wavelength domains we stopped the process.
Part of the hires spectrum is shown in Fig. 1 where it is compared to the synthetic spectrum that results from our atmospheric parameter determination procedure. The residuals between the two spectra are also plotted in the same figure. These residuals are significant compared to the S/N. We checked therefore whether we could find any trace of an additional contribution in the spectrum as suggested by the transit modelling (see Sect. 6).
First, we computed the cross-correlation of the fies spectrum with a G5 spectral template. We did not find any evidence of absorption lines due to a cooler companion. This could mean that the presumed companion's contribution to the total light is too low to be detected in the spectrum and/or that its spectral lines are too broadened (i.e. due to rotation or/and macroturbulence). A light factor corresponding to ∆m = 2.25 mag might explain such non-detection.
We next computed an (F0+G5) composite model spectrum and looked at the variance between this model and the hires spectrum in the wavelength range 500-560 nm for a wide range of possible radial velocities. The G5-synthetic spectrum was computed assuming v sin i = 10 km s −1 . The minimum variance was found around 31 km s −1 , i.e. different from the radial velocity of the Kepler star. This second test might hint toward the existence of an additional stellar object, but we remain unable to identify the lines of the transit host directly in the spectrum. Table 3 summarizes the stellar parameters derived from the spectra. Knowing the values of T eff and log g, and assuming a solar metallicity, we estimated the mass, luminosity, radius and age of KIC 9533489 (see also in Table 3 ) applying the evolutionary tracks and isochrones from Girardi et al. (2000) . The T eff and log g values indicate that KIC 9533489 is situated in the overlapping region of the δ Sct and γ Dor observational instability Table 3 . Stellar parameters of KIC 9533489, determined from spectroscopic observations ('spectra') and evolutionary tracks and isochrones ('models', Girardi et al. 2000) . spectra models T eff 7250 ± 100 K M * 1.52
Age 350 strips (see e.g. fig. 10 of Uytterhoeven et al. 2011 ). The age estimation suggests a young object, located near the zero-age main sequence (ZAMS), but the uncertainty is very large (Fig. 2 ).
Adaptive optics observations
We obtained near-infrared adaptive optics (AO) images of KIC 9533489 in the Br-γ (2.157 µm) filter using the NIRC2 imager behind the natural guide star adaptive optics system at the Keck II telescope on 04 September 2014. Data were acquired in a three-point dither pattern to avoid the lower left corner of the NIRC2 array which is noisier than the other three quadrants. The dither pattern was performed three times with step sizes of 3 ′′ , 2.5 ′′ , and 2.0 ′′ for a total of nine frames; individual frames had an integration time of 30 s. The individual frames were flatfielded, sky-subtracted (sky frames were constructed from a median average of the 9 individual source frames), and co-added.
The average AO-corrected seeing was FWHM = 0.048 ′′ ; the pixel scale of the NIRC2 camera is 10 mas/pixel. 5σ sensitivity limits were determined for concentric annuli surrounding the primary targets; the annuli were stepped in integer multiples of the FWHM with widths of 1 FWHM. The sensitivity achieved reached ∆mag ≈ 8 mag at 0.2 ′′ separation from the central target star in the band of observation. Using typical stellar Keplerinfrared colours (Howell et al. 2012) , this value translates into the Kepler bandpass to be about ∆mag ≈ 10 − 11 mag.
One source was detected approximately 1.1 ′′ to the west of the primary target (∆α = 1.12 ± 0.005 ′′ ; ∆δ = 0.09 ± 0.005 ′′ ;
Zs. Bognár et al.: Investigation of KIC 9533489 3 ). The companion is 3.412 ± 0.014 mag fainter than the target at 2.2 µm; deblending the 2MASS K s photometry, we find the infrared brightnesses of the target and the companion to be K s = 12.055 ± 0.020 mag and K s = 15.467 ± 0.024 mag.
No observations in other wavelengths were obtained, but based upon the typical Kepler-infrared colours (Howell et al. 2012) , the companion has a Kepler bandpass magnitude of K p = 17.9 ± 0.8 mag; thus, the companion is 5 magnitudes fainter than the primary target and contributes less than 1% to the Kepler light curve.
Frequency analysis
We performed the Fourier analysis of both the SC and LC data sets and compared the frequencies obtained. The increased sampling of the SC data allows the direct determination of pulsation frequencies above the LC Nyquist limit ( f LC,Nyq = 24.5 d
). The LC observations, having a longer time base, provide better frequency resolution and allow the investigation of the long-term frequency stability. The Rayleigh frequency resolutions of the long-and short-cadence data sets are f LC,R = 0.0007 and f SC,R = 0.002 d −1 , respectively. We performed a standard successive prewhitening of the light curves for significant signals using Period04 (Lenz & Breger 2005) and SigSpec (Reegen 2007) . The results were also checked with the photometry modules of famias (Zima 2008) . The frequencies obtained were consistent within the errors using the different programs. Fig. 4 presents the Fourier transforms of the original and the pre-whitened SC data sets. We stopped the process when none of the remaining peaks reached the threshold of S/N ≈ 4 (Breger et al. 1993) . Altogether, 63 frequencies were determined in this way. We also checked the spectral significances (sig) of the frequencies, as derived by SigSpec. All of the peaks were found to be above the default threshold value for determining frequencies (5.46, see Reegen 2007). The lowest amplitude peaks have sig∼8 (cf. Table 4 ). We checked which of these frequencies can also be found in the LC data. Below the LC Nyquist limit, we found all but eight frequencies. All of the eight missing frequencies are below 1 d and the correction method we applied to remove these affect this low-frequency region. Therefore, we excluded these eight peaks from the list of accepted frequencies. Checking the remaining significant frequencies using the Kepler Data Characteristics Handbook (KSCI-19040-004), none of them was found to be of instrumental origin.
Note that the frequencies detected in the SC data above the LC Nyquist limit, except for the three lowest amplitude ones, also appear in the LC data. These can be identified as Nyquist aliases at f i,LC = 2 f LC,Nyq − f i,SC , split by Kepler's orbital frequency (Murphy et al. 2013) . Fig. 5 presents the FT of the original SC and LC data, respectively. We can detect both real pulsation frequencies and such Nyquist aliases above 11.3 d −1 in the Fourier transform of the LC light curve. Table 4 lists the 55 accepted frequencies and the differences between the frequency values derived from the SC and LC data, too. They differ only in the fourth-sixth decimals. Note that the frequency difference (0.0056 d −1 ) of the closest peaks ( f 16 and f 51 ) is 2.8 times larger than the Rayleigh frequency resolution of the SC data set, so all of the identified frequencies are wellresolved.
Two closely spaced peaks at ≈ 4 d −1 ( f 1 and f 2 ) dominate the light variation of KIC 9533489 (see Fig. 6 ). second-order combinations, i.e. |p| = 1 and |q| = 1. We accepted a peak as a combination if the amplitudes of both parent frequencies were larger than that of their presumed combination term, and the difference between the observed and the predicted frequency was not larger than the Rayleigh resolution of the SC data (0.002 d −1 ). This way, we found one harmonic peak ( f 49 = 2 f 2 ) and 11 other combination terms. Note that although f 30 is close to 2 f 1 , it does not fulfil the above criterion. We indicate the combination terms in Table 4 . Beside the combinations consisting of independent parent frequencies, we list two additional cases in parentheses in Table 4 , too. These are equal to two and four times the value of f 28 , respectively, which is itself a combination of two large-amplitude frequencies ( f 28 = f 2 − f 3 ). It is not clear yet, whether this is a coincidence, or whether f 28 (0.84 d −1 ) has a particular importance for some unknown reason.
Stability investigations
Strong amplitude variability on month-and year-long timescales was reported in the case of the A-F-type hybrid KIC 8054146 (Breger et al. 2012) . We also examined the long-term stability of the most dominant peaks. We used the LC data set, because it spans a much longer time interval than the SC data. We investigated the nine highest-amplitude frequencies below the LC Nyquist limit. First, we calculated the actual frequencies and their amplitudes for each quarter (Q1-Q17). Then, we determined χ 2 red values that characterise the observed variability of these parameters as the deviation of the quarterly data points from their time-averages, relative to the uncertainties of the measurements. We did not detect variability in any of the nine frequencies, as χ We also checked whether we can detect any sign of phase modulation (PM) of the dominant modes, applying the method presented by Murphy et al. (2014) . A periodic phase modulation would indicate the presence of a stellar or even a substellar companion of KIC 9533489. The panels of Fig. 8 show the time delays of f 1 and f 2 , calculated from 10-days segments of the LC data, and their Fourier transforms, respectively. The formula used to calculate the time delays is τ i, j = (φ i, j − φ j )/(2πν j ), where φ j is the mean of the φ j (t) phases derived from the different light curve segments for a fixed ν j frequency (Murphy et al. 2014) . None of these point to any periodic variation, that is, KIC 9533489 is not a member of a 20 d < P orb < 4 yr binary system: neither the time delay plots, nor the corresponding Fourier transforms have a common significant peak corresponding to a possible common orbital period.
Frequency and period spacings
In the case of a genuine hybrid, KIC 9533489 will show simultaneously excited high-order g-and low-order p-modes. Thus, we Notes. The errors given in parentheses are standard uncertainties derived from the least-squares fitting. We present the frequencies, amplitudes and phases derived from the SC light curve, as the SC data allow the direct detection of peaks above 24.5 d −1 . Furthermore, we list the frequency differences of the SC and LC frequencies in the third column. The spectral significances (sig) were calculated using SigSpec (Reegen 2007).
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High-radial-order g-modes are excited in γ Dor pulsators. According to the first-order asymptotic approximation of nonradial stellar pulsations, the separation of consecutive overtones having the same ℓ spherical harmonic index (∆P ℓ = P n+1,ℓ − P n,ℓ ) is:
where
and N is the Brunt-Väisälä frequency. That is, period spacings are expected to be constant in a chemically homogeneous star, but inhomogeneities (rapid changes of the mean molecular weight in the transition zones) cause deviations from this constant value (see e.g. Miglio et al. 2008 and Bouabid et al. 2011) . Following Eq. 1, the period spacing ratios for the different ℓ modes are:
In the case of low-radial-order p-modes, even though the pulsation modes are in the non-asymptotic regime for most of the δ Sct stars, we still can notice a clustering of frequencies with the presumed large separation, ∆ν ℓ = ν n+1,ℓ − ν n,ℓ (see e.g. García Hernández et al. 2009 and Paparó et al. 2013) . The large separation can be calculated in a first approximation as:
where c s is the sound speed. The equation given for the large separation (integral over the inverse sound speed) is valid for high radial order p-modes (Tassoul 1980; Gough 1990 ). It was generalized in terms of the mean density of the stars by Suárez et al. (2014) , based on numerical calculations using a huge model grid. The relation obtained for the δ Sct stars domain can be approximated by ∆ν/∆ν ⊙ = 0.776(ρ/ρ ⊙ ) 0.46 (3) where ∆ν ⊙ = 134.8 µHz and ρ ⊙ = 1.408 g cm −3 . Another well-known relation in the case of δ Sct pulsations is the frequency-ratio of the radial fundamental and first-overtone radial mode (see Stellingwerf 1979) :
In the case of high-overtone (n ≫ ℓ) modes and slow rotation, the frequency differences of the rotationally split components can be calculated by the asymptotic relation:
where the coefficient C n,ℓ ≈ 1/ℓ(ℓ + 1) for g-modes, C n,ℓ ≈ 0 for p-modes, and Ω is the (uniform) rotation frequency. As δν ∼ [1 − 1/ℓ(ℓ + 1)], the ratio of the rotationally split ℓ = 1 and ℓ = 2 g-modes is in the case of equal δm:
We also have in a first approximation:
We investigated the frequency set of KIC 9533489 considering these relations. Note that in the case of rapidly rotating stars, additional terms to Eq. 5 have to be considered in the calculation of rotationally split frequencies, considering higher-order rotational effects. In this case, δν n,ℓ,m also depends on ν n,ℓ and on m (m 2 2 −m 2 1 ). For a theoretical background, see Gough & Thompson (1990) and Kjeldsen et al. (1998) for the acoustic modes, and Chlebowski (1978) and Dziembowski & Goode (1992) for the g-modes. In Sect. 5.2.2, we use the simple form of Eq. 5 to derive a first approximation for the rotation period of the star.
Frequency ratios
Considering the modelling results of Suárez et al. (2014) on main-sequence δ Sct stars, knowing the mean density of KIC 9533489, we estimated the theoretical radial fundamental mode's frequency. Taking into account the estimated radius and mass, and their uncertainties (see Table 3 ), the mean density of the star normalized to the solar value may be between 0.2 and 0.6 ρ/ρ ⊙ . These values indicate that the radial fundamental mode could lie between ∼ 13 − 23 d −1 (150-260 µHz), practically in the observed frequency gap, according to fig. 2 of Suárez et al. (2014) . This means that the radial fundamental mode is either f 35 (14.58 d −1 ), the only mode between 13 − 23 d −1 , or the radial modes are not exceeding the S/N= 4 significance level. There is no first overtone frequency pair for f 35 with frequency ratio in the range of 0.77-0.78 according to Eq. 4.
As the radial fundamental mode represents the low frequency limit for p-modes, we can assume that the frequencies below the gap (up to 14.6 d −1 ) are 'γ Dor-type' g-modes. Rapid rotation may explain both the shifts of g-modes into higher frequencies than the 'classical' γ Dor pulsation domain (Bouabid et al. 2013) and the lack of radial modes. Indeed, rapidly rotating δ Sct stars generally tend to show mainly nonradial modes of lower amplitude in comparison with the slow rotators (see e.g. Breger 2000) . It is also possible that some of the observed frequencies above 5 d −1 are non-zonal (m 0) modes generated by rotational splittings.
Frequency spacings and stellar rotation
We studied the distribution of the frequencies applying different methods: by calculating their Fourier transforms (see e.g. Handler et al. 1997) , generating histograms of the frequency differences (e.g. in Matthews 2007), and using KolmogorovSmirnov (K-S) tests (Kawaler 1988) . We defined and analysed several sets of frequencies: those below 5, 10, 15, and above 27 d −1 . In the Fourier tests, we assigned equal amplitude to all frequencies. Local maxima in the FTs indicate that characteristic spacings exist between the frequencies. In the K-S test, the quantity Q is defined as the probability that the observed frequencies are randomly distributed. Thus, any characteristic frequency spacing in the frequency spectrum should appear as a local minimum in Q. We present the results of these computations in Fig. 9 .
Provided that both g-and p-modes occur, we expect to find periodicities that belong to rotationally split frequencies, according to Eqs. 5, 6 and 7. However, note that these relations are valid for slow rotators only, and in the case of KIC 9533489 (v sin i = 70 ± 7 km s −1 ), there might be deviations from the constant frequency spacings. Fig. 9 indicates possible characteristic spacings in the range of 0.2-0.4, 1.0-1.4 and 2.0-2.7 d −1 in the low-frequency domain, and in the range of 0.4-0.7 and 2.6-2.7 d −1 above 27 d −1 in the high-frequency domain.
We listed the possible rotational periods of KIC 9533489, calculated by Eq. 5 for some specific spacings in Table 5 . These values correspond to local maxima of the FT of the frequencies below 10 d −1 (green line in Fig. 9 ) or above 27 d −1 . We also considered the possibility that in the case of a high inclination of the pulsation axis, or if any mode selection mechanism according to m is in operation, we may not detect the m = 0 components of the ℓ = 1 triplets, and the spacings belong to δm = 2 splittings. For completeness, we also listed the possible rotational periods for ℓ = 2 modes. We assume that the pulsation and rotation axes coincide.
To check if the two dominant modes ( f 1 and f 2 ) are rotationally split frequencies, we included their 0.44 d −1 separation in Table 5 , too. Finally, we included the case of f 34 (1.5622 d −1 ). It takes part in two combinations: f 39 = f 12 + f 34 and f 45 = f 12 − f 34 . This practically means that there is an equidistant triplet structure around f 12 (6.3656 d −1 ), with the separation of the value of f 34 . There are no other similar structures found, but 1.56 d −1 is another frequency separation we have to take into account as the possible rotational spacing.
According to Eq. 7, we expect that δν p ≃ 2δν ℓ=1,g . Considering the 0.37 and 0.66 d −1 characteristic spacings of the presumed g-and p-modes, these might correspond to rotational splitting values of ℓ = 1 modes. Another possibility is that the 1.30 and 2.67 d −1 spacings are caused by the stellar rotation. None of these spacings selected in the g-mode region shows clearly the 0.6 ratio expected for ℓ = 1 and 2 modes (see Eq. 6).
Utilizing the rotation periods calculated from the different spacings, the estimated radius of the star, and the observed v sin i (see Table 3 ), we indicated for guidance the corresponding equatorial velocity (v) and inclination values in Table 5 . This reveals that since the lower limit for v is ≈ 63 km s The (critical) Keplerian velocity of v Kep = 437 km s −1 is reached at an inclination of i = 9.4
• . It seems improbable that the 2.37 d −1 spacing represents rotationally split ℓ = 1, δm = 1 g-modes, as the derived equatorial velocity of 371 km s −1 is more than 80 per cent of v Kep .
The 2.67 d −1 spacing found from the high-frequency region requires further investigation. We have discussed already that it is a potential rotational spacing value. However, it can also be related to the large separation of frequencies. There are known cases in the literature, when such peaks in the Fourier transforms of the observed frequencies turned out to be at one half of the large separation (e.g. Handler et al. 1997 , García Hernández et al. 2009 . It is expected when modes with different ℓ values are observed. Suárez et al. (2014) present a method to estimate the large separation (∆ν) for δ Sct stars (Eq. 3). Applying their formula, in the case of KIC 9533489 (ρ/ρ ⊙ ≃ 0.4), the large separation is expected to be 68.6 µHz (5.9 d −1 ). Half of this value is 2.95 d −1 , which is not far from the 2.67 d −1 spacing observed. Considering the uncertainties in the radius and mass determination, and that equidistant spacings are expected for slow rotators and frequencies in the asymptotic regime, the 2.67 d −1 value is a reasonable estimate for half of the large separation.
We demonstrate in Fig. 10 that this 2.67 d −1 frequency spacing is not a mathematical artefact, but indeed exists in the frequency set. The plot shows echelle diagrams; the frequencies above the gap as a function of frequency modulo both the 2.67 d −1 spacing and its double. Forming vertical structures, 5-7 frequencies may be associated with these spacings. In conclusion of this short discussion of the frequency spacings, we see two options here. One of them is that the pulsator has a high inclination (i > 70
• ) and is a moderate rotator with an equatorial velocity of around 70 km s −1 . In this case, frequency differences with ≈ 0.4 d −1 in the g-mode region can be related to rotational splitting. This also could explain the presence of the 0.84 d −1 peak and its harmonics in the light curve's Fourier spectrum, as being caused by rotational modulation.
Another option is that KIC 9533489 is a fast rotator, with v ≈ 200 km s −1 and i ≈ 20
• . This could explain the triplet with 1.56 d −1 frequency separation or the 1.1-1.3 d −1 characteristic spacings shown in Fig. 9 as rotational spacings. In this case, the rotational spacing for the p-modes and half of their theoretical large separation would lie close to each other.
Period spacings
Using Eqs. 1 and 2, we performed similar tests on the periods as on the frequencies in Sect. 5.2.2. Only the histograms and the Fourier transforms suggest the presence of some characteristic spacings around 0.012-0.017, 0.002, 0.024-0.026 and 0.032-0.035 d (cf. Fig. 11 ). We cannot use and interpret these indefinite results. Modelling of KIC 9533489 could help to decide if any of these spacing values indeed characterise ℓ modes of the star.
Note that period spacings are strongly influenced not only by chemical gradients, but also by the stellar rotation, especially in the case of moderate and fast rotators, as demonstrated by the theoretical study of Bouabid et al. (2013) .
Other regularities
Coupling between g-and p-modes was reported in many hybrids. In the case of CoRoT 105733033 (Chapellier et al. 2012) , CoRoT 100866999 (Chapellier & Mathias 2013) , and KIC 11145123 Quadrupole modes (ℓ = 2) Spacing Notes. Rotational periods were calculated according to Eq. 5, equatorial velocities are derived from R * and P, and inclinations from these v values and assuming v sin i = 70 ± 7 km s −1 .
where f i,g is a g-mode frequency and F is the dominant p-mode: the radial fundamental or a low-overtone frequency. The detection of such coupling supports the idea that the frequencies found in the low-and high-frequency region originate from the same pulsator. We note that KIC 11145123 is a remarkable 'textbook example' showing how the regular spacings and their deviations can be used to study the stellar interior. Another example of mode coupling is the case of KIC 8054146 (Breger et al. 2012) , where peaks were detected in the high-frequency region at f 0 + n f 1 , where f 0 is a constant and f 1 is the dominant frequency in the low-frequency regime.
We searched for such regularities in the frequency spectrum of KIC 9533489, but only one frequency in the p-mode regime can be explained as the combination of another high-frequency peak and a g-mode frequency, as f 50 = f 34 + f 7 (cf . Table 4) , where f 50 = 34.14, f 34 = 1.56 and f 7 = 32.58 d −1 . It is worth noting that f 34 corresponds to the frequency separation of a triplet, as discussed in Sect. 5.2.2.
Transit events
The light curve of KIC 9533489 shows transits, which are shallow (0.5%), short (0.07 d) and recur every 197 days (it is also planetary candidate KOI-3783.01).
First, we checked the field of KIC 9533489 searching for possible external sources, which could be responsible for the observed transit events. There are indeed two known stars offset by ∼ 4 and 8 arcsec that are blended within the Kepler photometric aperture. However, these are both too faint to cause 0.5 per cent deep eclipses even if fully eclipsed. Additionally, the Kepler data centroid analysis for this 40σ transit event (averaged over all events) shows that the transit host is coincident with the target star within the 3σ limit of 0.25 ′′ . Considering the adaptive optics observation (see Sect. 4), we know that there is an additional star ≈ 1 ′′ from the primary object. However, it appears to be too faint to be the transit host star, and it is also still too far away from the primary.
We modelled the Kepler LC and SC data using the jktebop code (see Southworth 2008 and references therein), and accounted for the low sampling rate of the LC data by numerically integrating the model to match. Whilst the SC data cover only one transit, their better sampling rate makes them more valuable than the LC data, which cover six transits. We pre-whitened the data to remove the effects of the pulsations, then extracted the regions around each transit, and normalised them to unit flux by fitting a straight line to the out-of-transit data.
The transits are indicative of a planetary-mass object orbiting the F0 star, but we encountered problems with this hypothesis. The duration is far too short for this scenario and implies a much smaller radius for the F0 star than found from our spectroscopic analysis. The low ratio of the radii implied by the transit depth also yields transit light curves with ingress and egress durations too short to match the data. These problems forced us to consider the possibility that the putative planet is orbiting a fainter star, which is spatially coincident with the F0 star. This allows the use of a larger ratio of the radii, yielding a better match to the durations of the partial phases of the transit, and also implies a smaller stellar radius and thus a shorter transit (Fig. 12) .
Fitted models of the light curve including a larger 'third light' (L 3 ) component are indeed significantly better than those with L 3 = 0 (see Fig. 13 ). Southworth (2012) showed that L 3 is very poorly constrained when modelling transits in isolation, but only considered values between 0.0 and 0.75 (expressed as a fraction of the total light of the system). We find that L 3 = 0.88±0.03 yields a determinate and improved fit to the light curve. The fainter star should therefore be roughly eight times fainter than the F0 star, which implies a mass of about 0.95 M ⊙ if the two stars are at the same distance. We used the DSEP theoretical stellar evolutionary models (Dotter et al. 2008 ) to guide these inferences of the physical properties of the system. Whilst a 0.95 M ⊙ star has a much smaller radius than the F0 star, we still require a large orbital eccentricity for the transit model to match the observations: e sin ω = 0.956 where e is orbital eccentricity and ω is the argument of periastron. The large L 3 value we find means that a larger ratio of the radii (k = 0.185 versus 0.064) is needed to match the transit depth. Such an object orbiting a 0.95 M ⊙ main sequence star will have a radius of approximately 0.16 R ⊙ (1.6 R Jup ). This is consistent with the radius of an inflated transiting planet (see Southworth et al. 2012 ), but also with that of a low-mass star. We therefore cannot claim that the transiting object is a planet.
If we allow the transit host star to be closer to Earth than the F0 star, making them merely an asterism rather than gravitationally bound, then its contribution to the system light can be matched by a less massive and thus smaller star. This would mean that the light curve could be matched using a smaller A&A proofs: manuscript no. kic9533489_AandA_v3 Fig. 12 . Kepler LC (above) and SC (below) light curves compared to the best fits from jktebop neglecting third light. The residuals are plotted at the base of the figure, offset from unity. The blue and the purple lines through the LC data show the best-fitting model with and without numerical integration, and the ones through the residuals show the difference between this model with and without numerical integration. e sin ω, and also imply a lower radius for the transiting object. We do not currently have sufficient observational constraints to constrain the relative distances of the two stars. Table 6 gives a set of plausible physical properties of the system, based on the transit light curves, the DSEP theoretical stellar models, the assumption that the F0 star and the transit host star have a common distance, and that the transiting body is stellar rather than an inflated exoplanet.
Conclusions
KIC 9533489 is one of the many A-F spectral type stars observed by Kepler. It was selected as a hybrid candidate pulsator by Uytterhoeven et al. (2011) . What makes it a promising target for detailed analysis is its hybrid nature which is most probably genuine. Besides that, it also shows periodic transit-like events in its light curve.
One of the relevant questions is whether KIC 9533489 is a genuine hybrid showing simultaneously self-excited p-and gmodes or not. The asteroseismic relevance of such genuine hybrids is very high, as their structure can be probed down to the deep interior layers. Based on the spectroscopically derived Notes. L 3 is a fraction of the total light in the Kepler passband which is not coming from the transit host star, a is the orbital semimajor axis and R A,B are the true radii of the objects.
physical parameters of KIC 9533489 showing its location within the overlapping region of the δ Sct and γ Dor instability strips, on the dominant modes' coupled amplitude variation, and on the strong multiperiodicity in the low frequency domain, we argue that KIC 9533489 is a genuine hybrid pulsator. Furthermore, based on frequency spacing investigations, we come to the conclusion that KIC 9533489 is either a highly inclined moderate rotator (v ≈ 70 km s −1 , i > 70 • ) or a fast rotator with v ≈ 200 km s −1 and i ≈ 20
• . We need a comprehensive modelling of the star which, among other parameters, takes into account the effects of rotation.
The transit analysis revealed that KIC 9533489 (or the KIC 9533489 system) is unusual. It seems, that we have to consider the possibility of a high-order system: the Kepler aperture contains (1) an F0 star showing pulsations, (2) a fainter star at 1 ′′ (detected by the adaptive optics measurements), (3) an (unseen) G/K-type star in the AO PSF of the F0 star (either gravitationally bound or unbound), and (4) a small/faint object transiting the G/K star. Since stellar binaries (or higher order systems) are common, it is certainly possible to have a hierarchical triple system (objects 1, 3, 4). Further radial velocity observations on long (years) time scale and higher signal-to-noise ratio spectra might help to define the spectral type of the unseen transit host star and thus help to characterise the transiting object, too.
